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Polypeptides for detecting the antibodies to Borna disease virus 



[ABSTRACT] 
[Object] 

Antigen peptides with high specificity for measurement of anti-BDV antibodies, a method 
for measuring the same, and an assay reagent therefor. 
[Solving Means] 

Polypeptides having the sequences of 3 to 20, 48 to 68, 310 to 323, and 338 to 358 in the 
amino acid sequence of BDV nucleoprotein (p40), and polypeptides having the sequences 
of 41 to 55 and 59 to 79 in the amino acid sequence of the polymerase cofactor (p24) are 
useful for detecting anti-BDV antibodies, since they immunoreact with the antibodies 
specifically. 



[What is claimed is:] 
[1] 

Polypeptides constituting the nucleoprotein (p40) or the polymerase cofactor (p24) of 
Borna disease virus, having the amino acid sequences represented by Sequence Nos. 1 to 6, 
or polypeptides practically the same as said polypeptides. 
[2] 

A method for detecting anti-Borna disease virus antibodies by detecting antibodies to 
polypeptides constituting the nucleoprotein (p40) and/or the polymerase cofactor (p24) of 
Borna disease virus in biological samples, comprising the steps of: (a) mixing a biological 
sample and at least one of polypeptides containing the amino acid sequences represented 
by Sequence ID Nos: 1 to 6 or polypeptides practically the same as said polypeptides to 
generate immunoreacted products; (b) labeling said immunoreacted products; and (c) 
determining the amount of the labeled products. 
[3] 

An assay reagent for detecting Borna disease virus antibodies, characterized by having at 
least one polypeptide selected from polypeptides constituting the nucleoprotein (p40) or 
the polymerase cofactor (p24) of Borna disease virus and having the amino acid sequences 
represented by Sequence ID Nos: 1 to 6 or polypeptides practically the same as said 



polypeptides. 



[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] 

The present invention relates to a diagnostic reagent for diagnosing infection diseases of 
human and other animals, and in particular, to peptides for detecting the antibodies to 
Borna disease virus, a method for detecting the same, and a reagent to be used in detecting 
the same. 
[0002] 

[BACKGROUND OF THE INVENTION] 

Borna disease is a viral encephalomyelitis found in horses in Germany and the 
neighboring countries throughout the year. It causes symptoms such as cerebral palsy 
and emotional disturbance and can be lethal if it is acute. The lesions are frequently 
found in the nuclei of nerve cells in brain stem, especially in mid brain, and inclusion 
bodies called Joest-Degen bodies are formed in such nerve cell nuclei. The Borna 
disease virus (hereinafter, referred to as BDV) is a virus in the Bornaviridae family, which 
is known to be a negative-strand RNA virus having a single chain genome of about 9 kb in 
length. In addition to horses, sheep, cows, cats, ostriches, and others are naturally 
infected with BDV, and a very wide range of animals from mouse to birds and monkeys 
can also be transmitted with this virus experimentally. Serological tests revealed that 
there are some people who have antibodies to BDV (Rott, R. et al., Science, 228, 755-756, 
1985), and it was reported that the number of the carriers is higher in the patients of 
nervous and mental diseases such as schizophrenia, depression, and the like than in the 
healthy people, herewith the virus has been brought to attention. The complete base 
sequence of the virus was already reported by Cubitt et al. (Cubitt, B., et al., J. Virol., 68, 
1382-1396, 1994) and by Briese et al. (Briese, T, et al., Proc. Natl. Acad. Sci. USA, 91, 
4362-4366, 1994). Proteins such as nucleoprotein (p40), polymerase cofactor (p24), 
matrix (gpl8), envelope (gp56), and polymerase (pi 80) are known to be coded by the 
viral gene. For diagnosis of BDV infection, the serological methods of detecting 
anti-BDV antibodies in blood and the genetic methods of directly detecting the BDV 



genomic RNAs by the RT-PCR method are commonly practiced. As the method for 
detecting the anti-BDV antibodies, commonly used are: indirect fluorescent antibody 
method (Amsterdam, J. D., et al., Arch. Gen. Psychiatry, 42, 1093-1096, 1985); western 
blotting method (Fu, Z. R, et al., J. Affect. Disord., 27, 61-68, 1993); immunoprecipitation 
method (Bode, L. et al., J. Med. Virol., 36, 309-315, 1992); ELISA method (Weisman, Y., 
et al., Lancet, 344, 1232-1233, 1994); and flow cytometric method of analyzing 
monocytes in patients' peripheral bloods (Bode, L. et al., Nature Medicine, 1, 232-236, 
1995); and the like. Although there are many methods of detecting the antibodies as 
described above, the standard method higher in reliability for analyzing the antibodies is 
yet to be established, because it is difficult to distinguish specific and nonspecific 
reactions due to generally extremely low titer of the anti-BDV antibodies in human and 
also the different results depending on the antigens used. For direct detection of the 
BDV genomic RNAs, a method of detecting the viral gene fragments in monocytes in 
human peripheral blood by the RT-PCR method is disclosed (Kishi, M., et al., FEBS Lett., 
364, 293-297, 1995). Although the method of directly detecting genomes is reliable, 
BDV is a neurotropic virus in itself and thus BDV genomic RNAs are not always detected 
in the peripheral bloods monocytes of the patients. In addition, as extremely high in 
sensitivity, the RT-PCR method is always accompanied by the danger of false-positive 
reactions due to cross contamination, and accordingly there are not much reliable and 
general data accumulated yet. 
[0003] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

An object of the present invention is to provide an antigen peptide having a high 
specificity to anti-BDV antibodies in detecting the same, and a method for measuring the 
same and an assay reagent therefor. 
[0004] 

[SUMMARY OF THE INVENTION] 

After a study focusing on the peptides constituting the nucleoprotein (p40) and 
polymerase cofactor (p24) of B VD, the present inventors have found that polypeptides 
having partial sequences of 3 to 20, 48 to 68, 310 to 323 and 338 to 358 in the amino acid 
sequence of p40 and polypeptides having partial the amino acid sequences represented by 
sequence of 41 to 55 and 59 to 79 in the amino acid sequence of p24 specifically 



immunoreact with the antiserums to BDV, and completed the present invention. The 
present invention provides (1) nucleic acid sequence coding polypeptides constituting!:!^ 
nucleoprotein (p40) or the polymerase cofactor (p24) of Borna disease virus, having 
amino acid sequences represented by Sequence ID Nos: 1 to 6, or polypeptides practically 
the same as said polypeptides; (2) a method for detecting Borna disease virus antibodies, 
using the polypeptide as an antigen; and (3) an assay reagent for detecting Borna disease 
virus antibody containing the polypeptides as a constituents. In addition, polypeptides 
practically the same as the. polypeptides according to the present invention having the 
amino acid sequences represented by Sequence ID Nos: 1 to 6 are also included in the 
present invention. The term "polypeptides practically the same as the polypeptides 
according to the invention" means that those peptides have a certain binding potential to 
Borna disease virus antibody, and examples thereof include peptides wherein one or more 
amino acids are deleted, substituted or added. 
[0005] 

[DESCRIPTION OF PREFERRED EMBODIMENTS] 

Hereinafter, the present invention will be described in detail. By using the peptides 
according to the present invention, it is determined by an immunological method whether 
or not the anti-BDV p40 and/or p24 antibodies is/are present in biological samples and 
thus diagnosis of infection to the virus. Examples of the biological samples include 
serum, plasma, spinal fluid, lymph fluid, saliva, serous fluid, cells and the like of human 
and animals. Any methods known in the art may be used as the immunological method, 
and examples thereof include electrochemical luminescent immunoassay, enzyme 
immunoassay, radioimmunoassay, western blotting method, passive particle agglutination 
method, passive he^gglutination method,4atexag glutination m ethod, chemiluminescent 
immunoassay, and the like. Hereinafter, the present invention will be described using the 
electrochemical luminescent immunoassay as an example. The measurement system 
consists of a carrier whereto an antigen peptide is immobilized, a test sample, an antibody 
for labeling, an electrochemically light-emitting material as the labeling material, and the 
like. The methods for preparing the antigen peptides include, but are not particularly 
limited to, common chemical synthesis, extraction from the cells infected with BDV, 
expression in genetically modified microbes such as E. coli, and the like, but the methods 
by chemical synthesis is preferable since they provide peptides higher in specificity. The 



chemical synthesis methods include, for example, solid-phase synthesis and the like. 
One or more amino acid residues such as cysteine and lysine may be added to the end of 
the peptides according to the present invention to facilitate adsorption of the peptides onto 
the carrier used in the measurement system. Any one of the carriers, including 
magnetically sensitive particle, microtiter plate, plastic bead, erythrocyte, gelatin particle, 
polyamino acid particle, latex particle, nylon membrane, nitrocellulose membrane and the 
like, may be used as the carrier for immobilization of the peptides, and a suitable carrier 
may be selected according to the desired measuring method to be employed. Magnetic 
particles, latex particles or the like are preferably used in the electrochemical luminescent 
assay. Human IgG, IgM, and IgA antibodies are used as the antibody for labeling. 
Examples of the electrochemically light-emitting materials to be used as the labeling 
material include tris(bipyridyl)ruthenium, tris(bipyridyl)osmium, tris(bipyridyl)cadmium, 
tris(bipyridyl)rhenium, and the like. Measurement is performed according to the 
following procedure. An antigen peptide is immobilized on the magnetically sensitive 
particles, and the resulting particles are allowed to react with a test sample. After 
washing, the particles are reacted with an anti-human IgG antibody labeled with an 
electrochemically light-emitting material. After additional washing, an electric energy is 
applied to the magnetically sensitive particles, and the amount of light emission form the 
electrochemically light-emitting material is determined. The assay reagents according to 
the present invention have at least one polypeptide selected from those represented by the 
Sequence ID Nos: 1 to 6 as the essential component, and additionally contain an antibody 
for labeling, a standard antigen, enzymes and substrates, and the like. When present in 
an assay system at the same time, the peptide and the electrochemically light-emitting 
material may be present in the form wherein they are bound to each other. The assay 
reagents may additionally contain a suitable antigen-diluting solution, a reaction 
system-diluting solution, a washing solution, a luminescence-assisting solution, or the 
like. 
[0006] 

The recombinant BDV p40 and p24 antigen proteins used in the present invention may be 
prepared by the conventional gene modification methods. For example, a p40 cDNA 
corresponding to one of the antigen proteins above (Cubitt, B., et al., J. Virol., 68, 
1382-1396, 1994) is inserted into a plasmid. Examples of the plasmid vectors into which 



the cDNA is incorporated include pBluescript II SK, pBR322 and pUC18 derived from E. 
coli, psH15 derived from Bacillus subtilis and the like, but any plasmid vectors may be ~ 
used as long as it can be incorporated into, and reproduced and amplified in host cell. 
The vectors obtained in this manner are introduced into a suitable host, for example, E. 
coli or the like, to prepare a transformant Examples of the methods of introducing the 
vector into a host include competent cell method (J. Mol. Biol., 53, 154, 1970), protoplast 
method (Proc. Natl. Acad. Sci. USA, 75, 1929, 1978), calcium phosphate method (Science, 
221, 551, 1983), in vitro packaging method (Proc. Natl. Acad. Sci, USA, 72, 581, 1975), 
virus vector method (Cell, 37, 1053, 1984), and the like. Examples of E. coli used as the 
host include Escherichia coli HB101, JM109, and the like. If the vector carrying the 
cDNA is a plasmid, the plasmid may be incorporated into host cells by calcium chloride 
method or calcium chloride-rubidium chloride method (Molecular Cloning, A Laboratory 
Manual, Cold Spring Harbor Laboratory, p249, 1982). In this manner, after these 
transformants are proliferated by the usual culture methods, the p40 antigen proteins are 
extracted from the culture (Molecular Cloning, A Laboratory Manual, Cold Spring Harbor 
Laboratory, 1982). 
[0007] 

[EXAMPLES] 

Hereinafter, the present invention will be described in more detail with reference to 
EXAMPLES, but it should be understood that the present invention is not limited thereto. 

EXAMPLE 1 Preparation of BD V synthetic peptides 

On the basis of the amino acid sequences of the nucleoprotein (p40) and polymerase 
cofactor (p24) portions of BDV reported by Cubitt et al. (Cubitt, B., et al., J. Virol., 68, 
1382-1396, 1994), 13 fragments with high hydrophilicity were selected using the 
Hopp-Woods method (Hopp, T. P., et al., Proc. Natl. Acad. Sci. USA, 78, 3824-3828, 
1981)(Figures 1 and 2). For each amino acid sequence, the corresponding peptide was 
prepared by solid-phase synthesis and purified by reversed phase liquid chromatography 
so as to give a purity of 95% or more. 
[0008] 

EXAMPLE 2 Screening of the BDV synthetic peptides 

A recombinant BDV p40 or p24 antigen was injected into rabbits, and anti-BDV p40 



serum and anti-BDV P24 serum are prepared respectively from the rabbits. Normal 
rabbit serum was used as a control. The 13 kinds of peptides prepared in EXAMPLE 1 
were dissolved respectively in 0.05 M borate buffer solution (pH 9.5) so as to give a 
concentration of 100 |ig/ml. To 1 ml of each peptide solution, 30 mg of magnetically 
sensitive beads (Dynabeads M-450™, manufactured by Dynal Biotech) was added, and 
the mixture was stirred at 37°C overnight, to give each of the 13 kinds of peptide-bound 
beads. 200 (il of chicken serum, 20 |xl of the rabbit antiserum, and 25 |il of each 
peptide-bound beads (1 mg/ml) were placed in a reaction tube, and the mixture was 
reacted at 30°C for 9 minutes. After the beads were washed, 200 jxl of an anti-rabbit IgG 
antibody solution (1 jxg/ml) labeled with a ruthenium complex was added and the mixture 
was reacted at 30°C for 9 minutes. After the beads were washed once again, 250 |il of an 
electrolyte for light emission was added to the reaction tube. The amounts of light 
emission from the ruthenium complex trapped on the beads when an electric energy is 
applied were determined by a luminescence detector (Picolumi 8220™, manufactured by 
Sanko Junyaku Co. Ltd.). The results revealed that the peptides of Nos. 1, 2, 7 and 8 
reacted specifically with the anti-BDV p40 rabbit serum and the peptides of Nos. 10 and 
11 specifically with the anti-BDV p24 rabbit serum (Tables 1 and 2). The amino acid 
sequences of these peptides are shown below as Sequence ID Nos: 1 (No.l), 2 (No. 2), 3 
(No .7), 4 (No.8), 5 (No. 10), and 6 (No. 11), respectively. 
[0009] 
[Table 1] 



Table 1. Reactivity between various p40 peptides and the anti-p40 rabbit serum 



Sequence ID 
No: 


Amino acid 
sequence 


ECLIA count 


Normal rabbit serum 


Anti-p40 rabbit serum 


1 


3-20 


253 


266,239 


2 


48-68 


423 


116,369 


3 


119-132 


379 


9,592 


4 


152-167 


165 


1,014 


5 


214 - 226 


202 


561 


6 


261 -277 


291 


1,861 


7 


310-323 


275 


49,038 


8 


338 - 358 


109 


236,197 



[0010] [Table 2] 



Table 2. Reactivity between various p24 peptides and the anti-p24 rabbit serum 



Sequence ID 
No: 


Amino acid 
sequence 


ECLIA count 


Normal rabbit serum 


Anti-p24 rabbit serum 


9 


11-35 


264 


736 


10 


41-55 


166 


35,288 


11 


59-79 


182 


78,833 


12 


82-97 


257 


1,286 


13 


140 - 160 


223 


871 



[001 1] Type of sequence: Amino acid 

[Sequence Table] Topology: Linear chain 

Sequence ID No: 1 40 Kind of sequence: Peptide 

Length of sequence: 18 
Sequence 

Pro Lys Arg Arg Leu Val Asp Asp Ala Asp Ala Met Glu Asp Gin Asp 

15 10 15 

LeuTyr 

[0012] Sequence ID No 2 Topology: Linear chain 

Length of sequence: 21 Kind of sequence: Peptide 

Type of sequence: Amino acid 
Sequence 

Gly His Glu Lys Asp He Arg Gin Asn Ala Val Ala Leu Leu Asp Gin 

15 10 15 

Ser Arg Arg Asp Met 
20 

[0013] Sequence ID No: 3 Topology: Linear chain 

Length of sequence: 14 Kind of sequence: Peptide 

Type of sequence: Amino acid 
Sequence 

Ser Lys Lys Glu Asn Pro Thr Met Ala Gly Tyr Arg Ala Ser 
1 5 10 



[0014] Sequence ID No: 4 10 Topology: Linear chain 

Length of sequence: 20 Kind of sequence: Peptide 

Type of sequence: Amino acid 
Sequence 

Arg Tyr Arg Arg Arg Glu lie Ser Arg Gly Glu Asp Gly Ala Glu Leu 

1 5 10 15 

Ser Gly Glu He 
20 

[0015] Sequence ID No: 5 Topology: Linear chain 

Length of sequence: 15 Kind of sequence: Peptide 

Type of sequence: Amino acid 20 
Sequence 

Gin Pro Val Asp Gin Leu Leu Lys Asp Leu Arg Lys Asn Pro Ser 
1 5 10 15 

[0016] Sequence ID No: 6 Topology: Linear chain 

Length of sequence: 21 Kind of sequence: Peptide 

Type of sequence: Amino acid 
Sequence 

Asp Pro Asp Gin Arg Thr Gly Arg Glu Gin Leu Ser Asn Asp Glu Leu 

15 10 15 

lie Lys Lys Leu Val 
20 

[0017] 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Figure 1 is a chart illustrating the hydrophilicity pattern of the amino acid sequence of the 
nucleoprotein (p40) of BDV and the regions of the synthetic peptides. 
Figure 2 is a chart illustrating the hydrophilicity pattern of the amino acid sequence of the 
polymerase cofactor (p24) of BDV and the regions of the synthetic peptides. 
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Figure 1 . Hydrophilicity pattern of P40 amino acid sequence and 
the regions of the synthetic peptides (Nos. 1 to 8). 



[Figure 2] 
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Figure 2. Hydrophilicity pattern of P24 amino acid sequence and 
the regions of the synthetic peptides (Nos. 9 to 13) 
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